Highlights: 16 1. Burning raw powdered coal emits more PM than burning honeycomb briquette.
dominate, is implicated in increased morbidity and mortality and can cause asthma, respiratory disease, and respiratory inflammation; it can even involve the cardiovascular system, nervous the flow rate of the diluted flue gas into smoke chamber was fixed at 100 L/min.
154
Coal samples were ignited in the stove using pre-weighed wood charcoal (0.5 kg). To 155 minimise the influence of charcoal burning emissions, the coal samples (1.0 kg for each 156 experiment) were put into the stove until smoking from charcoal combustion stopped.
157
Sampling started when the raw coal samples were put into the stove and ended when the Table 2 showed the mass concentrations of the PM10 emitted by burning different coals.
241
The mass concentration of the coal burning-derived PM10 varied greatly, ranging from 689 demonstrates that the number density per unit area in the images of the PM10 emitted by burning 251 honeycomb briquette was relatively small, while number density per unit area in the images of 252 the PM10 emitted by burning raw powdered coal was much denser. This reconfirmed that 253 burning raw powdered coal would generate more particles than burning honeycomb briquettes.
Oxidative potential of PM10 generated from burning different types of coal 255
The oxidative potential of the PM10 generated by burning honeycomb briquettes, the raw 256 powdered coals, and the wood charcoal were examined with a plasmid scission assay. A total 257 of 8 types of PM10 samples were used in this study and represented emissions from burning 258 raw powdered coals from ZJ, DT, DS, YC, and JX, the clay-mixed honeycomb briquettes from 259 ZJ and DT, and wood charcoal. The gel images and histograms shown in Figure 3 and Table 3 260 provide a quantitative analysis of the oxidative DNA damage induced by a whole-particle 261 suspension and a water-soluble fraction in five particle doses (25, 50, 100, 300, 500 µg ml -1 ).
262
It can be seen that with increasing doses, the particle-induced DNA damage for all of the coal The amount of damage to the plasmid DNA that was induced by coal burning-derived 268 PM10 varied from 5% to 55%. Table 3 and Figure 3 also demonstrated that, under the same 269 dose (Table 3) , the oxidative potential of both the whole-particle suspension and the water- relatively low from the DT, DS, and JX powdered coals and wood charcoal emissions.
273
It was found that the oxidative potential of the PM10 generated from burning honeycomb 274 briquettes was significantly higher than that generated by burning the corresponding raw 275 powdered coals. At a particle dose of 500 µg ml -1 , the PM10 generated from burning ZJ and DT 276 honeycomb briquettes induced DNA damage of 55% and 46% by their whole-particle 277 suspension respectively, which was higher than the damage percentages of 34% and 19% from 278 their corresponding raw powdered coals.
279
Furthermore, the differences between the amount of DNA damage induced by the whole-280 particle suspension and the corresponding water-soluble fraction of the PM10 samples at all 281 dose levels were relatively small. Figure 4 shows a comparison between the amount of DNA damage resulting from the whole-particle suspension and from the soluble fraction of the coal 283 burning-derived PM10 at a dose of 500 µg ml -1 ; it is clear that the differences between the 284 amount of DNA damage induced by the whole-particle suspension and by the corresponding 285 water-soluble fraction of these PM10 were mostly insignificant, ranging from 4% to 30%, but 286 mostly less than 20%. The amount of damage induced by the soluble fraction can contribute 287 more than 70% to the amount of damage induced by the whole-particle suspension. This result
288
indicates that the oxidative potential of the PM10 generated by coal burning-derived is mainly 289 sourced from their water-soluble components. (Table 4) .
296
For the total analysed water-soluble elements, the PM10 emitted by burning the ZJ with water-soluble elements such as As, Cd, Cu, Ge, Mn, Ni, Pb, Se, Sb, Ti, Tl, V, and Zn. All 307 of these elements were present at concentrations greater than 10 ppm, and the water-soluble
308
As, Ge, Pb, Tl, and Zn were present at levels greater than 100 ppm. For the raw powdered coals,
309
the coal burning-derived PM10 was enriched with water-soluble As, Cu, Ni, Pb, Ti, and Zn; 310 these individual elements reached levels that were greater than 10 ppm. showed the same trend, we only choose one dose level (500 µg ml -1 ) for the correlation analysis.
318
The Pearson correlation coefficients are provided in Table 5 , with a sample number n=8 and a 319 threshold correlation coefficient of 0.71 at 95% confidence level.
320
The particle-induced oxidative potential displayed a significant positive correlation with 
326
The correlation coefficients between the particle-induced oxidative potentials from a 327 dosage of 500 µg ml -1 and the concentrations of individual water-soluble heavy metals in PM 328 (Table 5 ) can be used to determine which individual elements were most responsible for the 
344
The PM10 emitted by burning honeycomb briquettes had a higher content of total analysed 345 water-soluble trace elements and a higher oxidative potential than those emitted by burning 346 raw powdered coals. This can be attributed to the clay mixed into the briquettes, which would 347 enrich the inorganic elements in the PM10, effectively being released as fly ash.
348
For the intact powdered coals, the variations in the oxidative potential could be explained
349
by the raw coal quality; especially in terms of the difference in the sulphur and ash content.
350
The higher percentages of total water-soluble trace elements and the higher oxidative potential higher than that by burning raw powdered coals and wood charcoal. 2) The PM10 emitted by burning honeycomb briquettes had a higher content of total water-384 soluble trace elements than that emitted by burning raw powdered coals and wood charcoal.
385
The PM10 particles emitted by burning honeycomb briquettes were enriched with water-soluble Note: "H" represents honeycomb briquettes, "R" represents raw powdered coal, "±" represent error range 
598
Datong and Zhijin raw powdered coals respectively. 
